Abstract: African Americans (AA) with systemic sclerosis (SSc) have a worse prognosis compared to Americans of European descent (EA). We conducted the current study to test the hypothesis that AA patients with SSc have more severe disease and poorer outcomes compared to EA patients when afflicted with pulmonary arterial hypertension (PAH).
INTRODUCTION

P
ulmonary arterial hypertension (PAH) is a chronic disorder of the pulmonary vasculature, characterized by a progressive increase in pulmonary vascular resistance (PVR) leading to right heart failure and death. PAH can be idiopathic (IPAH) or associated with underlying conditions, such as connective tissue diseases. 35 Among these, PAH is most commonly associated with systemic sclerosis (SSc). While several measures of disease severity, including World Health Organization functional class (WHO-FC), exercise capacity, N-terminal pro-brain natriuretic peptide (NTpro-BNP) and hemodynamics, have been associated with outcomes in SSc-associated PAH (SSc-PAH), other factors such as race have not been fully explored.
Limited data exist regarding racial differences in PAH, yet recent studies suggest race may be a risk factor for mortality in these patients. In a retrospective cohort study of IPAH patients, Kawut et al 21 demonstrated a more than 4-fold increased risk of death for African American (AA) patients compared to European American (EA) patients. However, data from the REVEAL registry of over 3000 patients with PAH suggest that race is not associated with mortality. 3 Several epidemiologic studies have illustrated significant geographic and racial disparities in the incidence, prevalence, and clinical manifestations of SSc. 15, 30 Within the American population of patients with SSc, racial disparities have long been noted, not only in clinical presentation, severity, and disease progression, 15, 29, 30 but also in age at presentation, severity of organ involvement, and prognosis. Some studies have shown that AA patients have a younger age at disease onset, a higher frequency of diffuse skin involvement, and an overall worse prognosis compared to other racial groups.
Based on racial differences in the epidemiology of SSc, we hypothesized that AA with SSc-PAH had more severe PAH disease compared to other racial groups, and therefore investigated the association of race with clinical severity, hemodynamics, and survival in a large cohort of SSc-PAH patients followed at a single referral center.
METHODS
Patient Population
The Johns Hopkins University Institutional Review Board approved this study. Consecutive patients with SSc diagnosed with PAH by right heart catheterization (RHC) and evaluated at the Johns Hopkins Pulmonary Hypertension Program from January 2000 through August 2012 were included in a prospective PAH registry after informed consent. The diagnosis of SSc was based on specific criteria, 12 and all diagnoses were confirmed by rheumatologists with expertise in SSc (LKH and FMW). Date of onset of systemic sclerosis was defined as the date of first non-Raynaud symptom attributable to SSc. Date of onset of PAH was defined as the date of the diagnostic RHC. Racial classification was based on self-report.
A total of 251 patients with SSc referred to the Pulmonary Hypertension Clinic for suspected pulmonary hypertension underwent RHC. A diagnosis of PAH (defined as a resting mean pulmonary artery pressure [mPAP] ³25 mm Hg and pulmonary capillary wedge pressure [PCWP] 15 mm Hg) 1 was confirmed in 177 patients ( Figure  1 ). Patients with other potential causes of pulmonary hypertension, including significant chronic obstructive pulmonary disease (COPD), interstitial lung disease (ILD), or severe sleep apnea syndrome, were excluded. Significant COPD was defined as a forced expiratory volume in 1 second (FEV 1 ) to forced vital capacity (FVC) ratio <70% and a FEV 1 <60% of predicted. ILD was defined by a total lung capacity (TLC) <60% or TLC of 60%-70% with the presence of significant radiologic abnormalities. 12, 24 Patients were also excluded if they had been previously treated with active drugs for PAH. The final study population included 160 patients with SSc-PAH (see Figure 1) . The cohort included 29 AA and 131 EA patients (98% white and 2% Hispanic, considered together within the group of EA for simplicity).
RHC was performed as previously described, 4 and standard measurements were obtained, including right atrial pressure (RAP), mPAP, cardiac index, PCWP, and PVR. Other hemodynamic measurements included stroke volume index (SVI), pulmonary arterial capacitance (SV/PP) calculated from stroke volume (SV) divided by the pulmonary arterial pulse pressure (PP), and right ventricle stroke work index (RVSWI) as calculated by SVI Â (mPAP À RAP) Â 0.0136. 16 Echocardiograms performed as previously reported 11 within 3 months of index RHC, serum autoantibodies, pulmonary function test results, computerized tomography, and WHO-FC were all obtained from the registry records. Renal function was assessed by the estimated glomerular filtration rate (eGFR) using the Modified Diet in Renal Disease equation. 23 Renal dysfunction was defined as eGFR <60 mL/min/1.73 m 2 . Systemic hypertension was defined as average systolic blood pressure ³ 140 mm Hg and/or diastolic BP ³ 90 mm Hg at 2 or more visits, documented history of systemic hypertension by the patient's primary care provider, or a history of anti-hypertensive medication use that was not described in any provider documentation as treatment for Raynaud.
Survival time was measured starting from the date of diagnosis of PAH. Death was determined from clinic and hospital records as well as from the Social Security Death Index. All causes of death were considered for survival analysis.
Statistical Analysis
For continuous variables, mean and standard deviation values were computed and group comparisons were made using the Student t test or Wilcoxon rank test as well as linear regression models where appropriate. For categorical variables, group comparisons were made using the chi square test or Fisher exact test as well as logistic regression models where appropriate. Survival analysis was performed using the Kaplan-Meier method. Comparisons between groups were made using the log-rank test. Univariable Cox and multivariable proportional hazards modeling was performed to investigate the relationship between race and outcome. All computations were performed using SPSS v. 15 (Chicago, IL) statistical software. A p value of <0.05 was considered statistically significant.
RESULTS
Study Population
As described in Methods, a total of 160 patients with SSc-PAH were considered in the final analysis. Baseline characteristics of the study population are shown in Table 1 .
Most patients were white (82%), female (86%), and had limited SSc (83%). Mean ages in both groups were similar at SSc diagnosis and at PAH diagnosis. The mean duration of SSc before PAH diagnosis trended toward being shorter in the AA group (5 ± 7 yr for AA and 8 ± 8 yr for EA; p ¼ 0.16). Onset of Raynaud phenomenon preceded PAH diagnosis by a median time of 18 years (range, 0-49 yr; no difference between groups). In 15 patients, the diagnoses of SSc and PAH were established in the same year. There were no significant differences in antibody profiles between the 2 groups (not shown). Although the limited form of SSc was the most prevalent presentation among both groups (83% overall), this trend was more pronounced in the EA group with diffuse SSc being significantly more common in the AA group compared to the EA group (44% vs 14%, respectively; p ¼ 0.01).
On pulmonary function testing, patients showed moderate-to-severe reduction of diffusing capacity for carbon monoxide (DLCO) with no difference between the 2 groups. However, forced expiratory volume in the first second (FEV 1 ), forced vital capacity (FVC) and total lung capacity (TLC) were significantly lower in the AA group (see Table 1 ).
At PAH diagnosis, AA patients presented with worse functional status; 80% of the AA group were in WHO-FC III-IV as compared to 53 EA patients (see Table 1 ). No notable differences in PAH symptomatology and signs were observed between the 2 groups (not shown). Systemic hypertension data were missing in 108 subjects. Out of the remaining 52, only 7 were AA patients, and thus an adequate comparison of prevalence by race was not possible. Angiotensin-converting enzyme inhibitors were used in both groups of patients with the same frequency: 3 of 29 AA (10%) and 17 of 131 EA (13%) (not significant). There were no other differences in comorbidities such as hyper-or hypothyroidism, obstructive sleep apnea syndrome, renal disease, diabetes mellitus, deep vein thrombosis, arrhythmia, asthma, COPD, or coronary artery disease.
Exercise Tolerance
Patients participating in the study showed moderate-tosevere impairment in exercise capacity as assessed by the 6-minute walk distance (6MWD) (323 ± 112 m). AA patients tended to walk relatively shorter distances (263 ± 111 m vs 333 ± 110 m; p ¼ 0.07).
Serum Biomarkers and Renal Function
NT-pro-BNP levels were available in only 61 patients since this measurement was not routinely obtained at the time of initiation of the registry. Mean values were significantly higher in AA patients (5729 ± 9730 pg/mL [n ¼ 14] in AA vs 1892 ± 2417 pg/mL in EA [n ¼ 47]; p ¼ 0.01), and persisted after log-transforming these values (3.4 ± 0.5 in AA vs 2.9 ± 0.6 in EA, p ¼ 0.006).
Serum creatinine, sodium, and BUN levels obtained within 3 months of RHC were available for all patients. Serum creatinine (1.11 ± 0.95 mg/dL vs 1.08 ± 0.41 mg/dL; p ¼ 0.86) and BUN (21 ± 10 mg/dL vs 22 ± 10 mg/dL; p ¼ 0.86) were similar for AA compared with EA patients, respectively. Mean serum sodium levels were relatively lower (138 ± 3 mEq/L vs 140 ± 4 mEq/L; p ¼ 0.04), but no differences were found in the proportions of patients with Na <136 mEq/L (15% vs 14%). Renal dysfunction, defined as eGFR <60 mL/min/1.73 m 2 , was found in 44 patients (no difference between groups).
Echocardiographic Studies
Results from baseline 2D-Doppler echocardiography are shown in Table 2 . The majority of patients had evidence of right ventricle (RV) dysfunction; 76 patients (75%) had RV dilation, and 45 (45%) had a pericardial effusion. The maximal tricuspid regurgitation velocity was higher in AA patients (4.2 ± 0.7 m/s vs 3.7 ± 0.9 m/s; p ¼ 0.05). RV function assessed by tricuspid annular plane systolic excursion (TAPSE) measurement revealed significantly lower values in AA patients (12.6 ± 3.5 mm vs 16.9 ± 5.4 mm; p < 0.01). However, TAPSE did not differ between groups when controlling for PVR, SV/PP, or cardiac index in multivariable linear regression models.
Left ventricular abnormalities were noted commonly. Twenty-seven percent of AA and 33% of EA patients had evidence of nonsystolic dysfunction of the left ventricle, similar to prior estimates in SSc populations. 12, 17 The mean estimated left ventricular ejection fraction was 58% ± 13% in AA and 59% ± 6% in EA patients (difference was not significant). Left ventricular hypertrophy was present in 71% of AA vs 40% of EA patients (p ¼ 0.03), suggestive of a higher prevalence of systemic hypertension in the former group.
Hemodynamics
Hemodynamic measurements indicated moderate-to-severe PAH in both groups (mean mPAP, 44 ± 13 mm Hg and 41 ± 12 mm Hg among AA and EA patients, respectively [not significant]). Mean RAP was higher (11 ± 6 mm Hg vs 8 ± 5 mm Hg; p¼ 0.05), cardiac index was lower 
Survival
All patients received similar PAH-specific treatments based on clinical guidelines and our Pulmonary Hypertension program's recommended treatment algorithm. 25 No differences were found in choices of initial therapy or anticoagulation treatment. Survival at 1, 2, and 5 years from PAH diagnosis was 83%, 62%, and 26% for AA patients vs 88%, 73%, and 44% for EA patients, respectively. Despite a consistent trend toward lower survival in AA patients, this was not statistically significant (p ¼ 0.21) (Table 3, Figure 2) . Overall, the median survival of the cohort was 4.0 years (95% confidence interval [CI], 3.7-4.4). AA patients had a median survival of 3.2 years (95% CI, 1.6-4.8) vs 4.2 years (95% CI, 3.2-5.3) for EA patients.
Univariable Cox proportional hazards model did not reveal significant association between race and outcomes. Multivariable models, adjusting for level of education (used as a marker of socioeconomic status), WHO-FC, hemodynamics, 6MWD, NT-pro-BNP levels, echocardiographic measures of RV function, systemic hypertension, and renal function yielded the same result. When examining the AA cohort alone, cardiac index predicted survival in univariable models (hazard ratio [HR], 0.43; 95% CI, 0.19-1.0; p ¼ 0.05). However, other parameters previously demonstrated to be associated with outcomes in SSc-PAH such as RAP, SVI, and PVR were not found to be predictive. 4 
DISCUSSION
In the current study, we investigated the relationship between race and outcome in a large cohort of SSc-PAH patients followed at a single center. The results indicate that for both groups of patients mean ages at SSc and PAH diagnoses were similar. On the other hand, clinical characteristics such as SSc type and markers of disease severity including WHO-FC, biomarkers, RV function by echocardiography, and hemodynamics were significantly worse among AA patients. A trend toward worse survival, concordant with the less favorable hemodynamic status at diagnosis, was also observed.
Race may influence disease manifestation, severity, and response to therapy, particularly in cardiovascular diseases.
Prior studies have shown racial differences in the risk of development of systemic hypertension, 32 risk of fatal coronary heart disease, 31 and in response to therapies for left heart failure. 6 As demonstrated recently in the MESA-Right Ventricle Study, racial disparities in RV function may exist in persons without clinical evidence of cardiac disease; AA have lower RV mass and lower RV ejection fraction compared to age-and sex-matched EA. 20 Differences in clinical and hemodynamic characteristics by race have also been reported in idiopathic PAH. 8, 21 On the other hand, race was not found to be associated with risk of death in the REVEAL Registry, 3 which is the largest North American registry of PAH. However, this registry included Group 1 PAH of various etiologies, which makes it difficult to extrapolate the results to SSc-PAH. Beall et al 2 have previously reported racial disparity in baseline clinical characteristics as well as progression of disease among SSc-PAH patients. To our knowledge, the current study is the first study performed at a pulmonary hypertension referral center to evaluate the association of race with hemodynamics and outcomes in a large cohort of rigorously phenotyped SSc-PAH patients who were all diagnosed by RHC.
Demographics and Functional Capacity
Epidemiologic studies have demonstrated that AA patients with SSc are younger at disease onset, are diagnosed at an earlier age, and more frequently have diffuse systemic sclerosis compared with patients of other races. 27, 30 However, the literature on whether the relationship between age at diagnosis of SSc and risk of development of PAH is modified by race is limited. One small study by Beall and colleagues 2 reported significant differences in the age at PAH diagnosis, with AA patients developing PAH on average nearly 20 years earlier than their EA counterparts. However, duration of SSc prior to PAH diagnosis did not differ between groups. In a larger study, Schachna and colleagues 33 showed age at SSc diagnosis to be a significant risk factor for development of PAH with a greater than 20% increased risk for every decade of age at SSc onset. In this study, despite the fact that the frequency of PAH was higher in the AA population, there was no modification of the direct relationship between age and risk of development of PAH based on race-that is, AA patients did not develop PAH at a younger age than other patients. Duration of SSc did not modify this association, either.
Although our study's findings persisted when using various definitions of disease onset in SSc (age at first Raynaud symptom, age at first non-Raynaud symptom, and date of initial physician diagnosis of SSc), one cannot entirely exclude the possibility that the non-statistically significant trends toward longer duration of SSc symptoms among AA patients reflected truly delayed diagnosis in this group, which the study was too underpowered to uncover. In short, while the proportion of patients with diffuse disease was significantly higher in AA than EA patients (44% vs 14%, p ¼ 0.01), there were no significant differences in age at disease onset, age at diagnosis of PAH, or duration of SSc prior to diagnosis of PAH. Additionally, patients in our cohort underwent the same screening algorithm for detection of pulmonary hypertension and were referred for definitive diagnosis of PAH (that is, RHC) based on this screening. Thus, it is unlikely that either lead-time bias or ascertainment bias for PAH contributed to the observed differences in disease severity between groups in this study. Notably, AA patients tended to present with more significant functional impairment; 80% were in WHO-FC III/IV compared to 53% of EA patients. Similarly, AA patients showed a tendency to walk shorter distances on the 6MWT, again suggesting worse functional status. Although the 6MWT distance correlates with WHO-FC and hemodynamics and has prognostic value in IPAH, its relevance in SSc-PAH has been questioned. 34 However, it is noteworthy that race may independently impact 6MWD as suggested by a recent study demonstrating decreased walk distances in African Brazilian patients with SSc-PAH compared to white patients with SSc-PAH. 36 
Biomarkers for PAH
Baseline serum levels of NT-pro-BNP have been shown to correlate with hemodynamics and exercise capacity 22 and are independent predictors of mortality in PAH. 28 We have previously shown that NT-pro-BNP levels are significantly higher in SSc-PAH compared to IPAH, 24 despite comparatively less severe hemodynamic derangement, and are strong predictors of survival in this population. In our cohort, AA patients presented with higher serum NT-pro-BNP levels than EA patients, which was consistent with the worse hemodynamics in this group. Previous studies have shown hyponatremia to be a major determinant of survival in PAH 13 ; however, we found no significant differences in the prevalence of hyponatremia between AA and EA patients. 13 
Echocardiography
While echocardiographic evidence of RV dysfunction was common, there were no differences in RV chamber dimensions between the 2 groups. Further, while pericardial effusion was noted frequently in the cohort (45%) in agreement with prior studies, 5,12 its prevalence did not differ between groups. However, other measures of RV function were associated with race. Maximum tricuspid regurgitation velocity was significantly higher among AA patients. Similarly, TAPSE, a measure of global RV function, differed between groups, with AA patients having significantly lower values, consistent with the worse hemodynamics (higher RAP, lower cardiac index, and higher PVR) in AA patients at diagnosis.
AA patients showed a higher prevalence of left ventricular hypertrophy by echocardiography, probably as a response to long-standing systemic hypertension. Unfortunately, our limited data on the prevalence of systemic hypertension in this study cohort prevented us from studying the relationship between systemic hypertension and race. Indeed, systemic hypertension has been previously shown to have a higher prevalence among the general AA population. 10 However, there was no difference in the prevalence of nonsystolic dysfunction between the 2 groups. Both LVH Hemodynamics Overall, our cohort had moderate-to-severe PAH. However, AA patients had a significantly worse hemodynamic profile at diagnosis as indicated by a lower cardiac index; higher RAP and PVR; and decreased SVI, SV/PP, and RVSWI compared to EA patients. While clinical parameters of disease severity, such as WHO-FC, 6MWD, and NT-pro-BNP, were similarly associated with AA race, the reasons for these differences remain unclear. Lead-time bias is unlikely but not definitively excluded, given that there were no significant differences between AA and EA patients in the duration of SSc-specific symptoms prior to diagnosis of PAH. Intrinsic differences in RV function between AA and EA patients have been recently reported. 20 In a large multiracial cohort of more than 4000 patients without cardiovascular disease, Kawut et al 20 reported significant differences in RV mass and RV ejection fraction as assessed by cardiac MRI, showing lower mass and ejection fraction in AA patients. These baseline differences in RV function may influence response to pulmonary vascular disease and could potentially explain differences in hemodynamic parameters noted in this study, although our findings indicate that, among AA patients, RV function was essentially altered in the setting of an excess RV afterload (compared to EA patients) at the time of presentation. Whether the combination of other cardiac factors, such as left ventricular hypertrophy for instance, affects outcome, remains unclear.
Survival
Kaplan-Meier survival estimates for the overall cohort were 87%, 71%, and 40% at 1, 2, and 5 years, respectively, with a median survival of 4 years. These findings are consistent with previously reported survival in SSc-PAH. 4, 7, 18 The median survival was 3.2 years for AA and 4.2 for EA patients (p ¼ 0.21). Although there was no significant difference in this outcome between the 2 groups, there was a consistent trend toward lower survival in AA patients throughout the 5 years, suggesting that a betterpowered study may possibly uncover a statistically significant difference. Adjustment for various confounders including socioeconomic status (using level of education as a marker) did not significantly affect this relationship, which is unsurprising given the similar demographic profile of both groups such as similar ages at presentation and similar sex ratios. We note that the sole use of ''education'' as a marker of socioeconomic status is inadequate to exclude the latter as a confounder definitively. It is interesting that our findings parallel survival differences noted in epidemiologic studies of SSc patients in general; AA patients demonstrate a trend toward poorer survival (at least early in disease) and additionally, patients with diffuse SSc (which formed a bigger proportion of AA patients) may have poorer survival than patients with limited SSc. It is noteworthy that while our study does not address the specific prevalence of PAH in AA patients with SSc, it demonstrates that when present in AA patients, PAH is significantly worse and possibly associated with poorer survival.
The reasons for this trend toward poorer survival remain unclear. Recent studies in left heart failure have identified potential racial differences in heart failure outcomes and response to therapy. Impairment in nitric oxide homeostasis and nitric oxide-mediated cardiovascular effects in AA compared to EA patients may form the pathophysiologic basis for these differences. 6 Similarly, within PAH, response to therapy may also differ by race. A recent analysis of patient-level data from 6 randomized placebo-controlled trials of endothelin receptor antagonist (ERA) therapies for the treatment of PAH suggests racial and sex differences in drug efficacy.
14 In their analysis, Gabler and colleagues found a strong trend toward poorer response among AA as assessed by change in 6MWD over 12 weeks. While the mechanisms of this race-specific response to therapy remain to be elucidated, this could explain the trend in lower survival among AA patients in our cohort, at least in part. Other factors, including but not limited to socioeconomic differences and the remote possibility of differentially delayed diagnosis (considering the weak trend toward longer duration of SSc-specific symptoms prior to PAH diagnosis among AA patients), cannot be completely ruled out.
There are several limitations to the current study, including the fact that this is an observational study. Although subjects were mostly followed prospectively subsequent to enrollment in our registry, some data were collected retrospectively, resulting in occasional missing values. Despite the exclusion of all patients with clinically apparent ILD at the time of PAH diagnosis (because the pathogenesis, hemodynamics, and outcomes of pulmonary hypertension for these patients are quite different from those for patients with SSc-PAH 26 ), we cannot exclude subclinical ILD and its potential effect on outcomes. Sociodemographic characteristics other than level of education were not recorded, which would have helped us carry out a more robust assessment of whether socioeconomic status was a confounding variable. There are disparities in progression and outcome that need to be further investigated to uncover the underlying social and/or biological factors. Another limitation is that we do not have data on echocardiographic findings, autoantibodies, and other parameters for the entire population; these data are available for only 50%-70% of the population; therefore, a certain bias related to these findings in our study cannot be excluded. Finally, our survival data report all-cause mortality as opposed to disease-specific mortality. When comparing this measure between 2 racial groups, the differences in their all-cause mortality rates for the age range in question at the population level cannot be ignored. Indeed, according to 2010 data from the National Center for Health Statistics (Atlanta, GA), black adults had a significantly higher hazard ratio for all-cause mortality than white adults (depending on the statistical model used, the hazard ratio varied from 1.11 to 1.36). 19 In conclusion, we have shown that AA patients with SSc-PAH present with more severe disease compared to EA patients, as assessed by functional status, biomarkers, echocardiography, and hemodynamics. Additionally, although not reaching statistical significance in this study, their survival appears to be worse. These findings suggest that race may modify the response to pulmonary vascular disease in patients with SSc-associated PAH, with possible pathophysiologie differences between groups. Further studies are needed to confirm these observations, identify mechanisms involved in these vascular responses, and definitively investigate the possibility of differentially delayed diagnosis (such as due to access of care issues) among AA patients.
